Quantum mechanics (QM) disfavours local realism because it violates Bell's theorem [1, 2] , a theorem that must be valid for all local hidden variable theories (LHVT). Experimental tests of local realism in high energy particle physics have been proposed and carried out [3] [4] [5] , but no decisive conclusion has been drawn [6] . We find that the correlated distribution between polarization vectors of two entangled mesons predicted by QM can be reproduced in a natural way, by interpreting the two-body decay of vector mesons as a measurement to their polarization vector. The interpretation provides a method to simulate the correlated decay of entangled vector meson pairs, and a potential experimental approach for the discrimination between QM and LHVT in particle physics. Related data analysis can be carried out at currently running experiments and could give deeper insight for the understanding of local realism.
In this letter, we try to provide a straightforward understanding of the polarization correlation of entangled vector meson pairs. In η c 's rest frame, the cascade decay process of η c to vector mesons V 1 V 2 is illustrated in Fig. 1 . The z-axis is chosen to be parallel to meson V 1 's momentum. The two vector mesons form an entangled state, and their polarization vectors are not fixed. After the decay of meson V 1 , its polarization is given by the momentum projection of its daughter particle d 1 on the x-y plane. Another daughter particle of V 1 is not illustrated as it has the opposite momentum component on the x-y plane to that of d 1 . The meson V 2 's polarization is determined in the same way.
For the entangled state of two vector mesons, the total spin is S = 1 according to the conservation of the C and P parity. In the situation that the total spin projection s on the z-axis is 0, both mesons are transversely polarized, and the wave function of the system is [20, 21] 
where the subscript z means the z-axis. It can also be expressed in terms of bases in the x-y plane as
where the subscript α means an arbitrary axis in the x-y plane, and α ⊥ indicates another axis on the same plane and perpendicular to α. The correlated distribution between the polarization vectors of the mesons is the same as the probability that the spin of one meson has zero component along arbitrary axis α 1 and another meson has zero component along arbitrary axis α 2 . It can be calculated directly with QM. The result is given in Ref. [20] and reads,
The same form of distribution can be obtained in another way with the understanding of the entanglement of polarization. When one meson decays, its polarization vector is determined and has an azimuthal angle α. According to Eq. 2, the polarization vector of the second meson should have the azimuthal angle of α ± π/2. That is similar to the case that when we measure the spin of one of the entangled spin-1/2 particles in one direction, another one should have a definite spin value in the same direction. However, the polarization vector of the second meson is finally determined by measurement, i.e. its own decay.
The relation between the polarization vectors and the decays of vector mesons are also illustrated in Fig. 1 . The polarization vector P 1 of meson V 1 lays on the projection of the meson's daughter particle's momentum on the x-y plane. We denote the axis with the same direction as X, which is the α axis in Eq. 2. The α ⊥ axis of V 2 is denoted as Y , which is perpendicular to both the z and X axis. The projection of the momentum vector of V 2 's daughter particle on the x-y plane is denoted as P 2 . The angle ∆α between X and P 2 is exactly the same angle between the polarization vectors P 1 and P 2 . As both the vectors are perpendicular to the z-axis, the angle is also equal to the angle between the decay planes of the two vector mesons.
It is obvious that the probability distribution of angle ∆α can be calculated if the angular distribution of P 2 is known. The angular distribution of the final state particles in the decay can be described by the helicity formalism [22] , which is widely used in particle physics. For the two-body decay, as the two final state particles are back-to-back in their center-of-mass frame, their directions can be characterized by the polar angle θ and azimuthal angle ϕ. The cross section of a spin-1 vector meson decay into two spin-0 particles can be written down as
where
mλ with spin j = 1, and spin-projection m = M and λ = 0, and A is a matrix element without any angular dependence. Y M 1 (θ, ϕ) is the spherical harmonic function with l = 1. M depends on the selection of spin quantization axis. For the decay of V 2 , the spin quantization axis is chosen to be in the x-y plane with m = 0, which is the Y -axis, so the cross section has an angular dependence of |Y
where the polar angle θ ′ is defined as the angle between the momentum and the Y -axis, and the azimuthal angle ϕ ′ is defined in the X-z plane.
The probability distribution should be expressed with θ and ϕ in the original xyz coordinate frame. It can be obtained with a simple transformation:
where the Jacobian determinant is equal to 1 due to the rotation invariance. Then the probability of P 1 and P 2 have an angle ∆α can be obtained by integrating the angular distribution above over θ:
where ∆α and ϕ differ by a constant, which depends on the selection of the coordinate system. It is clear that the value of P (∆α) is irrelevant to the direction of the Y -axis. To simplify the calculation, the Y -axis is renamed z ′ -axis, and chosen to coincide with the x-axis without loss of generality. The y ′ -axis is the same as the y-axis and the x ′ -axis is anti-parallel to the z-axis. With this definition, the relations between angles (θ, ϕ) and (θ ′ , ϕ ′ ) can be written down:
So that the angular distribution is given by
This definition also gives ϕ = ∆α − π/2, so that the distribution between the polarization vectors is
Eq. 9 gives the same form of result as that given in Eq. 3. The prediction on the correlated distribution of QM is reproduced naturally. The calculation above provides a method to simulate the quantum entanglement in the process of cascade decay of η c → V V → (P P )(P P ). The key of the simulation is to sample the directions of final state particles. That is straightforward from Fig. 1 . At first, either of the two vector mesons is selected and denoted as V 1 . In the rest frame of η c , the decay of V 1 would follow the angular distribution of |Y 
, from which the angles θ ′ and ϕ ′ are sampled. By rotating the unit vector constructed with the sampled θ ′ and ϕ ′ back into the same coordinate frame of V 1 , the decay angle θ and ϕ of V 2 can be obtained.
This method is implemented for the process of η c → φφ
To check whether the simulation method works as expected, 10,000 events are generated, and the correlated distribution f (∆α) is extracted. The result is plotted in Fig. 2 . The distribution is fitted with the function of p · sin 2 ∆α. It is clear that the distribution satisfies that given in Eq. 3 and Eq. 9. The method works well.
Another more important conclusion of the understanding is that it provides a potential approach to discriminate QM and LHVT in high energy experiments. An analogy between the decay and the polarimeter used in the optical experiments to test the Bell inequalities could be made. Though the direction of the "polarimeter" can't be selected at will, high statistical data make the revelation of the correlated distribution of the polarization vectors possible. On the contrary, it is difficult to obtain such correlated distributions in the optical experiments, because one need to place the two polarimeters in all possible direction and try all the combination of directions. A variation of the CHSH inequality has been derived in Refs. [20, 21] . The inequality is violated by QM at some points due to the special correlated distribution predicted by QM. In other words, if the predicted correlated distribution is observed, one could say definitely that the inequality would be violated, and QM would be favored.
It is possible to measure such a correlated distribution in current high energy experiments. The branching fraction of J/ψ → γη c is about 1.7 ± 0.4%, of η c → φφ is about 2.7 ± 0.9 × 10 −3 and φ → K + K − is about 48.9 ± 0.5% [23] . At the BES-III experiments, 10 9 J/ψ particles are expected to be recorded in the next few years [24] . About 10 5 events for the η c → φφ → K + K − K + K − process are expected to be collected. The statistics would be sufficient for the measurement of the correlated distribution. The analysis result might be of fundamental importance.
In summary, with the understanding of the polarization correlation, we reproduce the same form of correlated distribution predicted by QM of the polarization vectors of entangled vector meson pairs. This provides a way for the simulation of the correlation in the pseudoscalar cascade decay. The measured correlated distribution in high energy particle experiments can be used to make a discrimination between QM and LHVT. The measurement is possible in existing particle physics experiments. 
